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To examine associations and trends between chronic diseases and tooth loss using BRFSS 
2012-2018.  
Methods 
Self-reported permanent tooth loss from tooth decay/gum disease and several self-
reported chronic disease diagnoses were analyzed by cycle (2012, 2014, 2016, 2018) to 
explore associations and trends. Chi-square analyses were performed for the primary out-
come of one or more teeth lost with the following ailments: physical health, mental health, 
weight, diabetes, myocardial infarction, coronary heart disease, stroke, asthma, cancer, res-
piratory diseases, arthritis, and kidney disease. Multivariate logistic regressions were per-
formed to estimate the odds for tooth-loss for each disease using gender, age, race, insur-
ance, income, education and smoking as covariates. Effects of one or more concurrent 
chronic disease diagnoses on tooth loss were calculated and 2012-2018 results compared. 





find differences in tooth loss from 2012- 2018. All calculations were performed using SAS 
9.4.  
Results  
Tooth loss has declined from 45% - in 2012 to 39% - in 2018 in individuals with 
one chronic disease. A similar decline in tooth loss is seen in those with two, three, four or 
more chronic diseases. Increased tooth-loss was significantly associated with each chronic 
disease, with adjusted odds of tooth-loss ranging from 1.08-1.72. Diabetics, had an in-
creased and significant odds of tooth loss with time: 1.36 (2012)-1.54 (2018). The odds of 
tooth-loss increased as number of concurrent chronic diseases increased -1.2 (one chronic 
disease)-2.4 (four or more chronic diseases).   
Conclusion 
Fewer people are losing teeth, but those with chronic disease experience higher 
odds of tooth-loss. Having more concurrent diseases is associated with increased tooth-
loss. Oral health is essential for overall health, therefore access to oral health care and 
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The most common non-communicable diseases today are oral diseases (WHO, 
2020), affecting 3.9 billion people worldwide (FDI World Dental Federation, 2019).  One 
of the most impactful oral conditions is tooth loss which affects an individual’s normal 
functioning such as chewing, speech, taste, and appearance or expressions. Tooth loss has 
numerous consequences. It can be the reason for not going out and meeting new people, 
not having relationships, prevents a smile or a laugh in the presence of others, and affects 
overall communication. Nutrition is also compromised because fewer teeth restricts food 
choices to foods that are often soft, high in calories and less nutrient dense. Overall social 
functioning changes, affecting daily living and the psychology of an individual (Dm et al., 
2001). These lower a person’s self-confidence, preventing close relationships, changes in 
behavior, and cause premature aging, creating a vicious cycle and reducing Oral Health 
Related Quality of Life (Gerritsen et al., 2010).  
At one time, tooth loss was considered to be a normal part of aging, but with the 
advent of new restorative and preventive dentistry in the 20th century, tooth loss is on the 
decline. However, an aging population means that, despite the availability of modern tech-
niques, the number of people experiencing tooth loss will increase (Burt & Eklund, 2005). 
Older populations are more likely to experience tooth loss, with 30% of those between 65-
74 years having no natural teeth (FDI World Federation, 2019). With WHO predicting an 
increase in those older than 60 years from 12% in 2015 to 22% in 2050, tooth loss is ex-





Tooth loss is considered to be an overall indicator of dental health and dental care 
access, and can be used to monitor oral health improvement or deterioration (National In-
stitute of Dental and Craniofacial Research, 2018). The impact of tooth loss in developed 
countries is large, with it being assessed as being one of 10 major contributors to Years 
Lived with Disability (FDI World Dental Federation, n.d.). In addition, low and middle 
income countries may not be able to cope with the demands to maintain oral health, creat-
ing financial burdens for individuals. Despite the impacts of poor oral health itself, main-
taining good oral health is expensive, placing it at fourth position on the list of most ex-
pensive treatments (FDI World Dental Federation, 2019). To put this cost in context, the 
2017 Organization for Economic Cooperation and Development (OECD) indicators re-
ported that high-income countries spent 5% of total health expenditure on dental treatment, 
and oral health accounts for 20% of total out-of-pocket expenditures (FDI World Dental 
Federation, n.d.). 
Dental disease and tooth loss, are caused by a multitude of factors, including an 
individual’s habits, culture, attitudes and behavior over a lifetime. Risk factors include any 
exposure that leads to caries or periodontal disease. In the past, women were more likely 
to have lost teeth. Today, however, gender plays no role, (Kassebaum et al., 2014) with 
men and women experiencing equal amounts of tooth loss. Those of Hispanic race have 
higher complete tooth loss ((Dye & Iafolla, 2015). Other risk factors for tooth loss are low 
income, having less education, smoking exposure, chronic conditions such as diabetes and 





like a cane or wheelchair, and not having dental insurance. Some studies suggest that hav-
ing multiple risk factors increases the likelihood of tooth loss (Jiang et al., 2013). 
Associations between several chronic diseases and tooth loss have been docu-
mented in literature. Chronic diseases are defined as conditions that last one year or more, 
and require ongoing medical attention or limit activities of daily living or both. These are 
highly prevalent diseases worldwide, with WHO statistics reporting that 71% of all deaths 
(41 million people) are due to non-communicable diseases, (NCDs) yearly (WHO, 2018b). 
Six out of 10 adults in the US have a chronic disease, and four out of ten have two or more 
concurrent chronic diseases (CDC, 2019b). The four most common disease groups are (in 
descending order): cardiovascular disease, cancers, respiratory diseases, and diabetes. To-
bacco use can increase death rates due to NCDs. NCDs are more prevalent in older age 
groups, but those in younger age groups also experience them (Non Communicable Dis-
eases, 2018).  
Past studies have looked at the associations between having single chronic diseases 
and tooth loss. Caries and periodontitis, the two main causes of tooth loss, are associated 
with many factors including chronic diseases such as stroke and diabetes as well as medi-
cations (e.g. steroids, antidepressants, antihistamines, decongestants) (Griffin et al., 2009). 
Studies have shown that poor mental health (Kisely et al., 2016), obesity (Alswat et al., 
2016), chronic kidney disease (Yue et al., 2018), and respiratory disorders (Raj et al., 2018) 
can lead to a rise in caries. In addition, chronic kidney disease (Parente et al., 2018), dia-





2017) and asthma (Khassawneh et al., 2019) have been shown to increase the risk of peri-
odontitis.  Age, insurance status, race, income, education and smoking have been demon-
strated to be contributing factors for tooth loss (Jiang et al., 2013; Shi et al., 2016). Jiang 
et al. performed a study using Behavioral Risk Factor Surveillance System (BRFSS) data 
for Rhode Island and documented relationships between eight factors (including two 
chronic diseases) with the outcome of tooth loss. Zhang et al. analyzed the 2012 cycle of 
BRFSS data for USA and found that tooth loss was associated with COPD, cardiovascular 
disease, arthritis, diabetes, and kidney disease, but found no association for cancer, stroke 
and asthma (Zhang & Leveille, 2018). The majority of these prior studies, utilized smaller 
study populations and did limited explorations into the effects of having concurrent chronic 
diseases on tooth loss.  
This study will explore potential associations between chronic diseases and tooth 
loss using, BRFSS data from multiple cycles: 2012, 2014, 2016 and 2018, both by cycle 
and combined. The chronic diseases being examined are physical health, mental health, 
BMI, diabetes, myocardial infarction, coronary heart disease, stroke, asthma, cancer, res-
piratory disease, arthritis, kidney disease and smoking. The impact of gender, race, age, 
insurance status, income level and education on the association between will be explored.  
Background 
History 
For centuries, tooth loss has been considered to be an inevitable consequence of 
aging. Up until the 20th century, populations living in developed countries thought of tooth 





profession, people with toothaches or infected teeth went to tooth-pullers, who were re-
sponsible for maintaining their patient’s oral health. Tooth pullers existed in every culture, 
and can be the primary oral health care providers in under-developed areas of the world 
today (Burt & Eklund, 2005).  
Increasing awareness of oral health has meant that loss of any teeth is unacceptable. 
One reason for improved tooth retention could be the advent of new restorative materials 
and techniques in the 20th century. However, a primary component could be the modern 
preventive philosophy, a positive social attitude, and an individual’s attitude about oral 
health (Burt & Eklund, 2005). As an example, ‘Baby boomers’, who are approximately 55-
75 years of age today are less likely to have lost teeth than previous generations (CDC, 
2019a). This could be a result of growing up during the 1940s and 1950s, when community 
water fluoridation (CWF) was implemented in many US communities which subsequently 
reduced caries and increased tooth retention. In addition, people born between 1944-64 had 
more knowledge of disease prevention, were more affluent than their parents, and more 
insistent about retaining their teeth (Burt & Eklund, 2005).  
World and USA facts & trends 
Despite these documented reductions in edentulism, oral conditions remain a 
worldwide public health challenge. Dental diseases have been shown to accumulate with 
age, and with an aging population is expected to have a greater impact on health. Tooth 
loss is the leading cause of DALYs (disability-adjusted life year, one DALY is the equiv-
alent of the loss of one year of healthy life and equal to the sum of years of life lost and 





of Disease Study Wave 1 showed that DALY rates for edentulism had declined in low and 
middle income countries from 144/100,000 (144 years of health lost for every 100,000 
population) in 1990 to 89/100,000 in 2010 (9)  (Peltzer, et al., 2014).  
These decreasing trends are visible in US populations too. Tooth loss in the USA 
has declined since the 1970s. A report using NHANES III data found that 6% of adults 
aged 20-64 years lost all their teeth, with a mean number of 24 retained. By 2011-2016 
edentulism decreased to 2% for these adults and their mean number of retained teeth in-
creased to 25.5 (Dye et al., 2007; CDC, 2019c). While on the one hand an improvement is 
visible between 1988 to 2016, on the other hand the data still demonstrates that more than 
half the population (52%) still does not retain all their teeth over their lifetime (Dye & 
Iafolla, 2015). To address this, Healthy People 2020 set a target to reduce the proportion 
of adults between 45-64 years who have ever had a permanent tooth extracted because of 
dental caries or periodontal disease from 76.4% to 68.8%. An additional objective is to 
reduce the proportion of older adults (65-74 years) with no natural teeth from 24% to 21% 
(Office of Disease Prevention and Health Promotion, n.d.). 
The public health community is starting to understand the importance of oral health. 
Addressing this is the Surgeon General’s report in 2000, which was the first report to focus 
on oral health. It identified the importance of an Oral Health Plan that would improve oral 
health related quality of life by enabling individuals, health care providers, communities, 
and policymakers to come together to conceive and implement a plan. In response, in 2014, 
Health Resources and Services Administration (HRSA), developed the Integration of Oral 





health into primary care practice. First, they created a set of core clinical competencies for 
primary care providers, then they listed factors that could prevent this integration, and fi-
nally outlined strategies to implement their plan in primary care practice to achieve this 
oral-primary care integration (U.S. Department of Health and Human Services Health Re-
sources and Services Administration, 2014). On a global level, the WHO suggests that the 
health care community start including oral health as a part of overall health. Not doing so 
has resulted in millions of people today suffering from poor oral health, which prevents a 
better quality of life (Petersen, 2003). In the past, most studies have focused on the systemic 
effects of oral diseases on a single chronic disease. Because so many individuals experience 
a NCD, accounting for 71% of deaths in 2016, further exploration of their associations with 
oral diseases becomes important.  
Literature review: periodontitis or dental caries association with chronic diseases  
Caries and periodontitis are accepted as the major reasons for tooth loss, and it is 
only recently that associations for both diseases with chronic diseases have been re-
searched. Recent CDC data shows that both of these oral diseases are highly prevalent in 
the US population. In the 2011-2012 NHANES cycle, 91% of adults between 20-64 years 
had dental caries experience, and untreated decay prevalence was 27%. For older adults 
(65 years and older, 96% had dental caries (Dye & Iafolla, 2015).  Periodontitis prevalence 
(2009-2014) for all adults was reported at 42%, with severe periodontitis contributing 
7.8%, while this percentage was slightly higher (9%) in older adults (65 years and older) 
(Eke et al., 2018). The high prevalence of these diseases can impact an individual’s quality 





from pain and discomfort, to disfigurement and may even lead to death (Griffin et al., 
2012). Due to the gravity of these consequences many studies have been performed to 
identify possible associations between caries or periodontitis and tooth loss.  
Several longitudinal studies have examined the associations between dental caries 
or periodontitis with tooth loss. A study following male veterans for 10 years concluded 
that the main reason teeth were extracted was caries (33%), preparation for a prosthesis 
(31.3%), and periodontitis (18.7%) (Chauncey et al., 1989). Other reasons for extractions 
include orthodontic treatment, root fracture, failed endodontic therapy, tooth malposition, 
esthetics, if patients refused alternative treatment, and trauma (Richards et al., 2005). An-
other study in India found that over a 6-month period periodontitis was the main reason for 
extractions (37%) followed by dental caries (29%) (B. P. Kumar et al., 2018). A Kuwaiti 
study reported caries as the reason for 43.7% of extractions and 37.4% were due to perio-
dontitis. The primary reason for tooth extractions appeared to be somewhat age dependent, 
with extraction due to caries being higher in subjects younger than 40 years of age, while 
periodontitis was the main contributor for those older than 40 years (Al-Shammari et al., 
2006). A South Wales study found that caries was the reason for 59% of extractions, and 
periodontitis for 29.1% of all extractions. Extractions due to caries were greater in the most 
deprived (measured by a combination of income, employment, health, education, housing 
and geographical access to services) groups (Richards et al., 2005). Together caries and 
periodontitis are the main causes of tooth loss (CDC, 2019a). Prevalence of both diseases 





There is a paucity of published research examining the associations between 
chronic diseases and tooth loss. The primary research focus has been on periodontitis and 
caries as risk factors for chronic diseases. On the other hand, examining the reverse direc-
tion for this relationship, can chronic diseases alter risk for oral conditions, has not received 
much attention. In recent years it is accepted that oral health is a part of overall health and 
is essential to maintaining overall health. From the literature we know that poor oral health 
is a risk factor for other diseases and many systemic diseases have oral sequela.   
Risk factors for Periodontitis 
Periodontitis is a chronic, destructive, irreversible inflammatory disease of tooth 
supporting structures. It is caused by dental plaque as a result of poor oral hygiene, but 
many other risk factors can impact the structures around the tooth. Risk factors for this 
disease include being older, obesity and predisposed due to genetics (Gum Disease Risk 
Factors | Perio.Org, n.d.). Having a systemic disease (such as diabetes or cardiovascular 
disease) prevents normal inflammatory system function causing the condition of the gums 
to deteriorate. Tobacco use is the most important modifiable factor and has the ability to 
increase the risk of periodontitis 5-20 times by increasing bone loss, deeper pockets and 
attachment loss (Gasner & Schure, 2020). Stress plays a dual role, aggravating conditions 
like diabetes, and reducing the capacity of the body to fight infection. Teeth clenching, 
poor nutrition, crooked teeth, ill-fitting dentures, female hormones, and medications that 
cause xerostomia also promote periodontitis (Genco & Borgnakke, 2013; American Acad-






Risk factors for Caries  
Caries is the other main cause of tooth loss. Anything that increases caries can lead 
to tooth loss. Caries is highly prevalent and dentate individuals are susceptible throughout 
life. When salivary flow reduces or there is a change in saliva composition, the oral cavity 
environment changes, and results in more caries. Those factors that elevate the number of 
cariogenic bacteria, will also increase caries. These factors include an individual’s immu-
nology, their lifestyle, and behaviors influence caries development. Individuals with spe-
cial health care needs and predisposing genetic factors experience more caries. Poor oral 
hygiene plays a big role, and dietary habits such as increased sugar and refined carbohy-
drates consumption, and medications containing sugar increase the risk of getting caries. 
In addition, caries is a chronic disease which is influenced by poverty, lower social status, 
fewer years of education, no dental insurance, orthodontic treatment and ill-fitting dentures 
(Selwitz et al., 2007).  
Research shows that many systemic factors may sequela, increasing risk for perio-
dontitis or caries and therefore, may eventually lead to tooth loss. The following section 
reports on the associations between individual chronic diseases and their relationship with 
oral conditions. The following non-communicable diseases are some of the most common 
chronic diseases were response options in the BRFSS survey and are included in this re-
view:  physical health, mental health, BMI, diabetes, myocardial infarction, coronary heart 







Association of chronic disease with oral conditions 
Mental health  
Mental illness is any disorder which leads to sustained, abnormal alteration in think-
ing, mood, or behavior associated with distress and impaired functioning. Over an individ-
ual’s lifetime they have a 50% chance of experiencing a mental illness (KESSLER et al., 
2007). People experiencing mental illnesses face more obstacles to maintaining good oral 
health. This could be due to prescribed medications which cause xerostomia, difficulty 
caring for themselves, as well as having reduced access to health care, difficulty interacting 
with care providers, and difficulty cooperating during dental treatment procedures (Torales 
et al., 2017). A review about mental health problems (including phobias, anxiety) found 
them to be associated with increased dental decay and tooth loss, however, they found no 
significant association with periodontitis. Another study examining relationships with 
common mental disorders (CMD) (including irritation, fatigue, insomnia, forgetfulness, 
decreased ability to concentrate, depression) found that people with CMD had 50% higher 
periodontitis occurrence (Kisely et al., 2016). Mental illness severity affects risk for tooth 
loss, with individuals experiencing severe mental illness being 3.4 times more likely to 
have lost all their teeth, and to have higher caries scores (DMFT, DMFS) (Kisely et al., 
2011).  
BMI  
“Weight that is higher than what is considered as a healthy weight for a given height 
is described as overweight or obese.” (CDC, 2020a). Using body mass index (BMI) as a 





rise, and between 1999-2000 to 2017-2018 obesity ballooned from 30.5% to 42.4% in the 
USA (Hales et al., 2020). Elevated BMI increases risk for many diseases, such as diabetes, 
hypertension, heart disease, stroke and even premature death. A Saudi Arabian study of 
adults (18 years and older) determined that higher DMFTs were found for individuals with 
higher BMIs, and those who consumed more soft drinks or more helpings of fruit (after 
adjusting for confounders like smoking, brushing habits, and diabetes) (Alswat et al., 
2016). A Korean study of adults found greater odds of periodontitis for those with higher 
BMI, after adjusting for potential confounders, but no association between BMI and caries 
(Y.-S. Kim & Kim, 2017). 
Diabetes Mellitus (DM)  
Diabetes is a chronic disease which is highly prevalent, with an estimated 9.4% of 
the US population having diabetes in 2017. It is a silent disease that many individuals don’t 
know they have until they are tested -while 9.4% have diabetes, only 7.2% were aware they 
were diabetic (CDC, 2020b). Diabetes can produce many complications, like cardiovascu-
lar disease, chronic kidney disease, acquired blindness, nerve damage, and it can limit the 
body’s ability to fight infections. Diabetics experience a range of oral complications, in-
cluding periodontal disease, xerostomia, caries, salivary gland dysfunction and taste dis-
tortions. Diabetics may also experience tooth loss. Diabetes and periodontitis have a bidi-
rectional relationship. In diabetics, immune cell function is altered preventing the body 
from defending itself. This inability to fight off organisms is seen in the depths of the gin-





hand, individuals with periodontitis have 27%-58% more risk of diabetes than those with-
out periodontitis (Minty et al., 2019). There is a great deal of evidence supporting a bi-
directional relationship between diabetes and oral disease (Nazir et al., 2018).  
Cardiovascular disease 
Myocardial Infarction (MI)  
Yearly, 635,000 people in the US experience a first-time heart attack, while another 
300,000 have a recurrent heart attack (Mozaffarian et al., 2015). Many studies report that 
periodontal disease may be a risk factor for Myocardial Infarction, even though the exact 
direction of this association is not yet known (Rydén Lars et al., 2016).  A recent review 
found that MI patients had higher odds of having periodontitis and tooth loss (Shi et al., 
2016). 
Coronary Heart Disease/ angina  
Coronary heart disease (a group of diseases that prevent oxygen-rich blood supply 
to the heart) is the leading cause of death in the US (Heron, 2019). In 2016 it was the cause 
of 13% of deaths (Benjamin et al., 2019). While periodontitis as a risk factor for coronary 
heart disease (CHD) has been a prominent area of research, some studies have found an 
association between the two diseases (Zanella et al., 2016) while others have not (Batty et 
al., 2018). This means that there is no conclusive proof of periodontitis as a cause for CHD. 
Most studies have given little importance to CHD as a risk factor for oral conditions, per-
haps because oral health was not considered an important part of overall health. It is only 
recently, that researchers have explored chronic diseases as a cause of tooth loss. An inter-





adverse cardiovascular outcomes and all-cause deaths, independent of other cardiovascular 
risk factors and socio-economic status (Vedin et al., 2016). In 2016, a 26-year Swedish 
longitudinal study reported an association between having extensive dental calculus at 
baseline which elevated the risk of developing subsequent angina pectoris (Söder et al., 
2016). 
Stroke  
Stroke is one of the top five causes of morbidity and mortality in the United States 
(Heron, 2019). Oral conditions have been explored as potential risk factors for stroke, and 
have shown varied results (Fangundes et al., 2019).  A recent systematic review found an 
increased risk for stroke in those with periodontitis (Leira et al., 2017). Another systematic 
review quantified the extent of the relationship between tooth loss and stroke, reporting a 
3% increased risk for stroke for every 2 teeth lost (F. Cheng et al., 2018). A 2019 meta-
analysis calculated mean differences between cases and controls and reported that patients 
who have experienced stroke have worse oral health (including caries, tooth loss, perio-




Data from the 2018 National Health Interview Survey reports that approximately 
7.7% of adults (19.2 million) have asthma in the USA (Villarroel et al., 2019). This means 
that millions of people live with asthma, and may need to take medications to alleviate their 





to increase the risk of periodontitis. However, even asthmatics who take non-steroidal 
based therapy have a higher risk of periodontitis, compared to non-asthmatics 
(Khassawneh et al., 2019). This may be because anti-asthmatic medications produce xero-
stomia, which increases the risk for caries.  Asthmatics are also at greater risk of having 
candidiasis and dental erosion (Tahir & Hafeez, 2018).  Researchers are uncertain about 
the direction of the relationship between periodontitis and asthma, and this prevents them 
from confirming whether the association is due to the immunological process of asthma, 
or if periodontitis is due to the medications used in asthma therapy (Soledade-Marques et 
al., 2018).  
Other Respiratory diseases  
Studies examining dental caries or periodontitis as risk factors for respiratory dis-
eases have reported that associations exist. Dental caries was found to have a significant 
association with increased lower respiratory tract infections, whereas elevated periodontitis 
clinical parameters (plaque index, gingival index, loss of attachment, community perio-
dontal index) mean values resulted in a higher risk for chronic obstructive pulmonary dis-
ease (Mehtonen et al., 2019; Parashar et al., 2018). In recent years, the importance of oral 
health for better overall health has become more apparent, and the effects of respiratory 
diseases on oral health is a focus. A review confirmed increased odds between respiratory 
diseases and periodontitis, but due to a lack of longitudinal studies was unable to determine 
the temporal relationship (Gomes‐Filho et al., 2020). A study from India showed that indi-
viduals taking medications for respiratory disease (β2 agonists and a corticosteroids) were 





anti-asthmatic medications or any other medications that may affect oral health, however 
their periodontal disease severity was lower (Raj et al., 2018). A recent report using data 
from the 2016 BRFSS concluded that those with COPD (OR 2.04) or asthma (OR 1.12) or 
both (OR 1.82) had higher odds of tooth loss (6 or more teeth) than those without either 
disease (Dwibedi et al., 2019).  
Cancer  
Cancer of the head and neck region is treated by surgery, radiation, and chemother-
apy. Radiation reduces saliva production, and increases the risk of caries by 29% - 37% 
(Moore et al., 2020). A decrease in saliva production reduces re-mineralization of teeth and 
lessens the buffering capacity of saliva leading to a low pH (cariogenic bacteria lowers 
pH). A combination of cariogenic bacteria and reduced saliva decreases cleansing effects 
in the oral cavity. The resulting caries involves the gum line and cusp tips of the teeth, and 
if untreated progresses rapidly to pain and osteoradionecrosis. Hypo-salivation also in-
creases the risk of periodontitis due to rapid loss of tooth supporting tissues, and cancer 
treatment can worsen pre-existing periodontitis, leading to osteoradionecrosis (Sroussi et 
al., 2017). Chemotherapy produces numerous side effects, including xerostomia, which 
will lead to its sequelae.  More than 85% of patients on chemotherapy complain of oral 
side effects (diagnosed professionally/self-reported) like dry lips, blistered/cracked tongue, 
thick ropy saliva, reddened/ulcerated mucous membrane, spontaneous bleeding/redness of 
gingiva, plaque along gum line, and raspy voice (García-Chías et al., 2019). In summary 
cancer treatment is known to increase the risk of periodontal disease but limited studies 





blood, prostate, and breast cancer. Currently it is unknown if a bidirectional association 
exists (Chung et al., 2016; Dizdar et al., 2017). 
Arthritis 
Rheumatoid arthritis (RA) often presents complications in the mouth, like temporo-
mandibular joint disorders, xerostomia, and Sjogren’s syndrome. Decreased saliva produc-
tion means that there is less re-mineralization of the tooth surface, less buffering of bacte-
rial acid production, and carbohydrate dilution, which results in a higher mean number of 
decayed teeth among those with RA ( L.Kumar et al., 2019; Martinez-Martinez et al., 
2019). A large Korean study reported that RA was associated with increased tooth loss in 
adults younger than 60 years, but found no association for RA with periodontitis (J.-W. 
Kim et al., 2019). A case-control study from Korea found that their RA cases had higher 
values for all the periodontal indices (probing pocket depth, bleeding on probing, clinical 
attachment level, periodontitis severity), and they suggested that it was possible to use RA 
or periodontitis as a risk indicator for the other (J.-H. Kim et al., 2018).     
Kidney disease 
Approximately 14% of US adults has chronic kidney disease (CKD) based on 1999-
2012 data (CDC, n.d.). CKD can cause malnutrition and increase systemic urea, which 
results in a high prevalence of oral diseases. Studies to detect relationships between CKD 
and oral conditions have been performed worldwide. A Malaysian study reported that al-
most all patients with CKD had oral symptoms (96.6%), including xerostomia, halitosis, 
abnormal taste, mucosal pallor, enamel hypoplasia, gingival enlargement, and abnormal 





susceptible to caries (Yue et al., 2018), however another study found that CKD patients 
had lower DMFT scores (Limeira et al., 2019; Menezes et al., 2019), demonstrating disa-
greement about carious and filled teeth in CKD patients. The prognosis of CKD may be 
influenced by oral diseases, with higher caries associated with all-cause mortality, and 
when caries prevention and treatment is carried out, patients have increased longevity (Yue 
et al., 2018). A meta-analysis exploring the relationship between periodontitis and CKD 
found an association (OR of 2.12), but could not confirm whether periodontitis or CKD 
was the risk factor because the studies included were case-control or cross-sectional (Zhao 
et al., 2018). Other reviews were unable to confirm the direction of the relationship between 
periodontitis and CKD (Deschamps‐Lenhardt et al., 2019), while another study suggested 
a bi-directional relationship between the two diseases and reported increased tooth loss in 
CKD patients (Parente et al., 2018). A third study confirmed these findings and reported 
an inverse relationship between number of natural teeth and kidney disease (Choi et al., 
2016). 
Cigarette use  
Cigarettes are the most frequently used tobacco product in the USA (Creamer et al., 
2019). In 2018, 13% of US adults (18 years and older) used cigarettes. Tobacco use affects 
systemic health as well as oral health. In the mouth they can cause dysguesia, increase the 
risk of periodontal pathology, oral mucosal lesions like leukoplakia and erythroplakia, and 
oral sub-mucous fibrosis. Cigarette use as a risk factor for dental caries is a highly debated 
question, with studies published both supporting and refuting the relationship.  A review 





which is supported by a Swedish prospective observational study (Petersson & Twetman, 
2019).  Smoking is also known for its detrimental effects on periodontal structures (Leite 
et al., 2018). A review of three longitudinal studies also concluded that smoking was asso-
ciated with periapical periodontitis (Aminoshariae et al., 2020). A German cohort study 
found that, compared to never-smokers, those who smoked 15 or more cigarettes a day had 
3 times the risk of tooth loss. Individuals who stopped smoking had a lower risk of tooth 
loss than never-smokers (Dietrich et al., 2015). 
Physical health and overall health 
Physical health can be thought of as reflecting the overall physical condition of an 
individual. Each chronic disease is capable of producing its own physical side effects. As 
an example, prior mental health problems can significantly affect physical health, through 
the mediating effects of social interactions and lifestyle choices (Ohrnberger et al., 2017). 
As BMI (obesity) increases, functional limitations increase, including bathing, dressing, 
grooming, toileting, eating, walking, preparing food, and other daily necessities (F. W. 
Cheng et al., 2017; Rogers et al., 2019).  A longitudinal study reported that long-term, 
uncontrolled diabetics had worse physical function (Beavers et al., 2017).  Even 4 years 
after a myocardial infarction 37% of individuals experienced limitations in physical func-
tioning and many experienced decreased social functioning, suffered from angina, and 
were unable to work continuously in any capacity (Ahmad et al., 2019). Coronary heart 
disease also affects physical health, with individuals reporting more problems carrying out 
their daily routines, including self-care (Le et al., 2018). According to the American Heart 





speech problems, memory loss, and vision problems (Effects of Stroke, n.d.). Over half of 
the individuals in a study on asthma self-reported impaired physical health or activity lim-
itation (Urbstonaitis et al., 2019). Cancer patients also experience many more co-morbidi-
ties such as musculoskeletal conditions, endocrine system disorders, and circulation prob-
lems compared to those without cancer (Ng et al., 2018). A Brazilian study reported that 
patients with respiratory diseases complained of fatigue, inability to carry out physical ac-
tivity, breathlessness, and that they did not think physical activity was required (Reboredo 
et al., 2018). As rheumatoid arthritis severity worsens it lowers muscle performance com-
posite score, making daily activities and living difficult to perform without help (Uutela et 
al., 2018). CKD patients also experience a loss of skeletal muscle (sarcopenia) leading to 
decreased muscle strength (Hirai et al., 2016), and over time, find it difficult to maintain 
good physical condition, especially for older individuals (van Loon et al., 2017).  Heavy 
smokers had lower scores for physical functioning and could not perform their everyday 
tasks due to physical health problems (Strandberg et al., 2008).  
In conclusion, these studies and reviews demonstrate that any disease can impact 
physical health. It is difficult to quantify how much of an individual’s physical problems 
are due to having one specific disease, especially when an individual experiences multi-
morbidity. At times one risk factor produces several outcomes. On the other hand, many 
chronic diseases can produce one outcome. A number of bi-directional relationships exist.  
Prior studies have looked for associations between chronic diseases and periodon-
titis or caries, however they have used different diagnostic measurements, and therefore 





irreversible. It may be possible to have a clearer understanding of relationships between 
chronic diseases and oral diseases by evaluating associations between chronic diseases and 
tooth loss. This is the reason why this study looks at the relationships between chronic 
diseases and tooth loss.  
Chronic diseases and tooth loss 
Few studies have assessed the associations between chronic diseases and tooth loss. 
Here we take a closer look at studies that have evaluated this relationship (Table 1). Self-
reported chronic diseases and their associations with oral conditions were considered by 
Griffin et al. using NHANES data, from 1999-2004. They ascertained if indicators of oral 
disease (untreated caries, untreated periodontal disease, any untreated dental disease, self-
reported oral health, and number of missing teeth) in dentate adults differed for those with 
and without chronic diseases. Logistic regression analyses assessed associations between 
indicators of oral disease and chronic diseases, adjusting for age, sex, smoking, race/eth-
nicity and income. Multivariate modeling assessed missing teeth as ‘2 or fewer missing 
teeth’, ‘3-5 missing teeth’, or ‘more than 5 missing teeth’. Results found that current smok-
ers, low-income families, and Hispanic or non-Hispanic blacks had more missing teeth. 
Individuals with arthritis (OR=1.27), obesity (OR=1.26), CVD (OR=1.36), diabetes 
(OR=1.70), emphysema (OR=2.44), and hepatitis C virus (OR=2.15), had more missing 
teeth, when compared to those without chronic disease. They also calculated referral for 
unmet need, and found that more than 59% of the participants in the study were referred 
for an unmet need, increasing to more than 70% in racial/ethnic minorities and those living 





factors of health and nutrition status of the US population. The advantage of this data set 
was that it had a good number of subjects, and results are representative of the US popula-
tion. While this study is over 11 years old, its results are similar to those from more recent 
studies (Griffin et al., 2012).  
Another study that considered chronic diseases and tooth loss was a Rhode Island 
study which explored sociodemographic and health-related risk factors associated with 
tooth loss (Jiang et al., 2013). They analyzed BRFSS data from 2008 and 2010. Adults (18 
years and older) were asked “How many of your permanent teeth have been removed be-
cause of tooth decay or gum disease? Include teeth lost to infection, but do not include 
teeth lost for other reasons, such as injury or orthodontics.” The tooth loss category had 4 
choices: none, 1 to 5, 6 or more but not all, and all. The predictors they included were 
sociodemographic (income, education), health risk behaviors (cigarette smoking, physical 
activity), health conditions (diabetes, obesity) and disabilities (yes, no), and dental insur-
ance. Their results show that most adults had all their teeth (57.6%), 28.9% had 1-5 miss-
ing, 8.9% had 6-31 missing teeth, and 4.6% had no teeth. They found that those with fewer 
teeth were more likely to be from low income households, low education, former or current 
smokers, those with less physical activity, with chronic conditions or disabilities, and those 
who had no dental insurance. As tooth loss increases, the chance of having a risk factor 
also rose, and a dose-response relationship was detected for middle aged and older adults. 
Tooth loss was best predicted by current smoking status, but being lower income may also 
be a predictor. Prior studies have shown that lower income can become a cost barrier for 





more likely to use tobacco, have a poor diet and a low awareness about preventive care, 
increasing the likelihood of poor oral health. The researchers felt that their results could be 
used to create awareness about the effects of chronic diseases on tooth loss, and the im-
portance of preventing tooth loss. This BRFSS study of Rhode Island adults is not gener-
alizable to USA populations as they differ demographically. Also, the study examined the 
effects of just two chronic conditions, COPD and asthma, while adults can experience 
many other chronic diseases, such as cardiovascular diseases, which were not analyzed 
(Jiang et al., 2013).  
While edentulism is encountered worldwide, it is on the decline. This can be seen 
with the decrease in DALYs (Disability Adjusted Life Years) which have gone from 
144/100,000 in 1990 to 89/100,000 in 2010. A study using the World Health Organiza-
tion’s (WHO) Global Aging and Adult Health (SAGE) Wave 1, survey results looked at 
adults older than 50 years from China, Ghana, India, Mexico, the Russian Federation, and 
South Africa (Peltzer et al., 2014a). Their bivariate analysis found that edentulism was 
associated with female sex, older age, less education, lower wealth, hypertension, angina, 
arthritis, asthma, being underweight, former daily tobacco use, inadequate fruit and vege-
table consumption, poor cognitive function, poor subjective health, functional disability, 
and low social cohesion. Multivariate analyses showed that, after adjusting for socio-de-
mographic variables, edentulism was associated with the lower socioeconomic category 
(older age (OR 1.98-7.26), higher education (OR 0.74-0.81)), chronic conditions (arthritis 
(OR 1.23) and asthma (OR 1.63)), health risk behavior (former daily tobacco use (OR 





(functional disability (OR 1.22-1.51), and higher social cohesion (OR 0.82-0.92)). This 
study is limited by the use of older adults (older than 50 years), and the use of low and 
middle income countries, which makes direct comparisons with the US population diffi-
cult. The strengths of this study are the large number of chronic diseases and demographic 
variables analyzed using data for a large number of individuals (Peltzer et al., 2014).  
Zhang and Leveille evaluated the BRFSS 2012 data for associations between tooth 
loss (none, 1-5 teeth lost, 6-31, and all teeth lost) and chronic disease in adults 65 years of 
age and older (mean age=74 years). Approximately one quarter of their population (27%) 
had lost no teeth, while 15% were edentulous. Edentulism was positively associated with 
COPD (RR 1.95), cardiovascular disease (RR 1.44), arthritis (RR 1.31), diabetes (RR 
1.14), and kidney disease (RR 1.21). In addition, they found that individuals experiencing 
two or more chronic diseases had higher odds of tooth loss (1-5 teeth lost: OR 1.12, 6 or 
more teeth lost but not all: OR 1.51, edentulous: OR 1.54) (Zhang & Leveille, 2018). This 
study focused only on older adults (≥65 years) even though all adults are experiencing 
more chronic diseases. This also prevents direct comparisons with other studies. However, 
this is the first study to evaluate the effects of having two or more concurrent chronic dis-
eases on tooth loss.  
We know that the prevalence of chronic diseases is growing, and with this the num-
ber of individuals experiencing more than one chronic disease simultaneously is rising. A 
Korean study used a survey to research clinic attendees to examine the effects of having a 
cluster of metabolic diseases (metabolic syndrome (MS)) on tooth loss (Cho et al., 2019). 





density lipoprotein cholesterol, fasting blood sugar, triglycerides and high blood pressure. 
A logistic regression model found an increased odds of tooth loss in individuals with ≥1 
MS components (OR=1.47), after controlling for age, sex, education, income level, occu-
pation, smoking status, kidney disease, COPD, and rheumatic disease. Their final results 
show that having one or more MS components, being a woman, and aged 50-64 years were 
associated with tooth loss. Limitations of this study are that the study population was a 
convenience sample selected from those attending a clinic. This differs from studies using 
nationally representative populations which are selected randomly (such as NHANES or 
BRFSS). They chose to exclude patients with CVD and cancer, but included those with 
other chronic diseases. According to the literature, both CVD and cancer show associations 
with tooth loss, and should have been included as variables in the study. Chronic diseases 
are experienced by all age groups and this study population was restricted to those between 
30-64 years. This restriction criterion would miss the effects of chronic disease on tooth 
loss for adults between 18-29 years of age. A possible strength is that results may be some-
what comparable with the US experience because Korea is a high income country and the 
prevalence of chronic diseases may be similar (WHO, 2018c).  
A 2016 BRFSS study of US adults (18+ years old) evaluated associations between 
respiratory diseases and tooth loss. More than half of the study population had all their 
teeth (54.4%), 29.6% were missing 1-5 teeth, 10.7% had 6-31 missing teeth, and 5.3% were 
edentulous. They adjusted for many covariates including sex, age, race, marital status, ed-
ucation, income, health insurance, physical health, alcohol use, tobacco use, obesity, phys-





and COPD as predictors, and the interaction between these 2 diseases. They reported sta-
tistically significant results for increased odds of tooth loss (1-6 teeth) in individuals with 
COPD (adjusted odds ratio (AOR 1.21)), or both asthma and COPD (AOR 1.14). For those 
who had lost more teeth (6-31 teeth), risks increased for those with asthma (AOR 1.13), 
COPD (AOR 1.74), or both asthma and COPD (AOR 1.74). For edentulous individuals, 
asthma (AOR 1.12), COPD (AOR 2.04), and having both asthma and COPD (AOR 1.82) 
increased the risk of tooth loss compared to those without asthma or COPD. Their results 
are representative of the USA adult population, but the use of only two chronic diseases, 
so the effects of other chronic diseases is unexplored. A strength is that they included all 
adults 18 years and older, allowing us to compare with many other studies that examined 
associations for these two diseases with tooth loss.   
A study in Mexico explored associations between chronic diseases and indicators 
of oral health in individuals ≥60 years. They performed oral exams to determine functional 
dentition, edentulism, hypo-salivation, xerostomia, root caries, and periodontitis. Most par-
ticipants did not have a functional dentition (89.9%), more than half the subjects experi-
enced hypo-salivation (59.7%), edentulism (38.9%), approximately a quarter self-reported 
xerostomia (25.2%), almost everyone had root caries (95.3%), and severe periodontitis was 
highly prevalent (80%). Their study included 11 chronic diseases which were analyzed as 
two categories: no chronic disease/one chronic disease or two or more chronic diseases. Of 
those experiencing 1 chronic disease, the prevalence of disease ranged from 0.7% for hy-
pothyroidism to 25.9% for CVD. The prevalence of multi-morbidity (two or more diseases) 





for those without multi-morbidity (32.7%). After adjusting for age and sex, participants 
with multi-morbidity had 2.62 times the risk of edentulism. Other health indicators did not 
differ between the two groups (Islas-Granillo et al., 2019). The number of subjects in this 
study was low (N=139), and not randomly selected since subjects lived in long-term facil-
ities, or lived independently but attending day care facilities, preventing the results from 
being generalized. Theoretically this would be the population that needs to be studied, but 
studying this population may over-estimate tooth loss (older individuals with more multi-
morbidity have higher tooth loss). A strength of this study was that they looked at multi-
morbidity (Islas-Granillo et al., 2019).  
The research exploring the relationships between chronic disease and tooth loss 
have utilized various categories for definitions of tooth loss and for chronic diseases (Grif-
fin et al., 2012; Jiang et al., 2013). Methods of data collection may also be different, using 
either self-reported missing teeth, or an oral exam performed by a dentist. Misclassification 
may result when studies use self-reported questionnaire results (Cho et al., 2019; Islas-
Granillo et al., 2019). Some studies have included a small number of few subjects, prevent-
ing generalizability of results. While some studies have analyzed larger populations, they 
usually analyzed a small number of chronic diseases. Each study has included different age 
groups, and choice of co-variates differs, making results valid for certain populations, but 
cannot be generalized. These differences prevent us from coming to any conclusions on 
the association between chronic diseases and tooth loss. To our knowledge, no studies have 





increasing prevalence of multi-morbidity, it is becoming more important to analyze this 
association.  
Our study will use BRFSS cycles 2012 to 2018 to assess the relationship between 
tooth loss and chronic diseases. Due to the large sample size available from these cycles 
we will be able to analyze trends for almost a decade. The increasing prevalence of chronic 
diseases will allow us to evaluate the effect of having multiple chronic diseases (one, two, 
three, and four or more diseases) on tooth loss when compared to individuals with no 
chronic diseases.   
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and kidney disease 
(RR=1.21)  
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or more chronic dis-
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tooth loss. 
1-5 teeth lost OR 1.12 
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lost 6 or more teeth 
OR 1.51 (95%CI 
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search clinic who 
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2016, BRFSS data. 
52% female. 65% 
non-Hispanic white. 
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morbidity had 2.62 
times higher risk of 
edentulism.  
Strengths: Institutional-
ized population is under 
analyzed and has more 
chronic disease and tooth 
loss. Analyzed many 
chronic diseases.  
 
Weakness: Small number 
of subjects, older age 
(60+). Results not gener-
alizable (population was 
individuals in long term 
facility/ living inde-
pendently but attending 
day care facilities).  
 
Methods  
Data from the BRFSS, a phone survey which includes non-institutionalized adults 
over 18 years were analyzed. Data from four cycles (20012, 2014, 2016, 2018) were in-
cluded for individuals with complete data. The BRFSS 2010 cycle was not included in this 





(both cellphones and landlines). The primary outcome for this study is self-reported tooth 
loss. The survey question asked was, “How many of your permanent teeth have been re-
moved because of tooth decay or gum disease? Include teeth lost to infection, but do not 
include teeth lost for other reasons, such as injury or orthodontics. (If wisdom teeth are 
removed because of tooth decay or gum disease, they should be included in the count for 
lost teeth)”. BRFSS categorizes tooth loss in four categories (no teeth lost, 1-5, 6-31, and 
all teeth lost). For bivariate and multivariate logistic regression, tooth loss was re-catego-
rized into none vs any. This was done to find out if any tooth loss resulted due to chronic 
diseases. This was chosen because, for each independent variable, most of the population 
experienced no tooth loss, whereas fewer people experienced tooth loss.    
The primary independent variable for this study is chronic disease diagnosis, and is 
based on WHO and CDC lists of the most common chronic diseases in the USA (CDC, 
2019b; WHO, n.d.). The BRFSS survey asked “Has a doctor, nurse, or other health profes-
sional ever told you that you had any of the following?”. The chronic diseases included in 
this study were physical health, mental health, BMI, diabetes, myocardial infarction, coro-
nary heart disease, stroke, asthma, cancer, respiratory diseases, arthritis, and kidney dis-
ease. The answers were recorded as yes or no, and are analyzed in this manner in this study. 
The effect of having chronic diseases on tooth loss was further explored by examining 
disease status based on the sum of the number of chronic diseases a person was affected 
by. This variable was further re-categorized into: no chronic disease, one chronic disease, 





The variables gender (male or female), race (non-Hispanic white, non-Hispanic 
black, non-Hispanic other, non-Hispanic multiracial and Hispanic), insurance (yes/no), ed-
ucation (not graduated from high school, high school graduate, attended college, college 
graduate) and smoking status (never smoked, former smoker, smoke somedays, smokes 
everyday), are all used in the study with the same responses as provided in the survey. The 
age variable was categorized as follows: 18-29 years, 30-44 years, 45-59 years, 60-79 
years, and 80 years and above.  
The question for income was, “Is your annual household income from all 
sources?”, which had the following choices: <$10,000, $10,000-<$15,000, $15,000-
<$20,000, $20,000-<$25,000, $25,000-<$35,000, $35,000-<$50,000, $50,000- <$75,000, 
>$75,000.  For this study income was divided into, <$15,000, $15,000-<$25,000, $25,000-
<$35,000, $35,000-<$50,000 and >$50,000.   
The question identifying the subject’s physical health asked “How often in the past 
30 days was your physical health not good?”, with another question asking in the same 
manner about mental health. Responses were recorded as none, and 1-30 days. For this 
study, individuals who reported a number between 1-30 days were re-categorized as: 1-10 
days (mild mental/physical health problem), 11-20 days (moderate mental/physical health 
problem), and 21-30 days (severe mental/physical health problem).  
The analyses examined the relationship between each chronic disease and tooth loss 
using SAS V9.4. The data from each cycle was analyzed separately, and then merged and 
analyzed.  Missing values for each variable were removed from the dataset. Bivariate anal-





teeth, all teeth lost) to those without any tooth loss for each sociodemographic factor, life-
style factor, and for each chronic disease. Tooth loss was also analyzed as a re-categorized 
variable (none, any). Statistical significance was determined by the Chi-square statistics.  
Separate multivariable regression analyses were performed for each chronic disease 
(predictor) with tooth loss as an outcome, and included the following covariates: gender, 
age, race, insurance, income, education and smoking status.  Odds ratios and confidence 
intervals were calculated for individual diseases (physical health, mental health, weight, 
diabetes, myocardial infarction, coronary heart disease, stroke, asthma, cancer, respiratory 
diseases, arthritis and kidney disease). Time interactions between chronic disease and tooth 
loss were explored using the interaction of cycle year and chronic disease term, which was 
then included in the multivariable regression model as a co-variate.  
Number of chronic diseases were categorized as ‘one chronic disease’, ‘two chronic 
diseases’, ‘three chronic diseases’, and ‘four or more chronic diseases’ for bivariate anal-
yses with tooth loss. Additional multivariable regression analysis was performed to assess 
the odds of having tooth loss when affected by (one, two, three, four or more) chronic 
diseases compared to no chronic diseases.   
Results 
 
Table 2. Bivariate analyses for one or more teeth lost and no teeth lost for merged 
BRFSS 2012-2018 cycles: Each Sociodemographic variable and smoking data 
BRFSS 2012-2018 merged 
Variable (total number of individuals 
for both categories of tooth loss for 
each year) 
None (%) ≥1  (%) p-value 
Gender    
Male  
(n=611398) 







56 44 0.004 
Race    
Non-Hispanic white 
(n=1058663) 
57 43  
Non-Hispanic Black 
(n=106790) 
47 53  
Non-Hispanic other 
(n=59932) 
62 38  
Non-Hispanic multiracial 
(n=26639) 
58 42  
Hispanic 
(n=102358) 
57 43 <0.0001 
Age group    
18-29 years 
(n=132534) 
84 16  
30-44 years 
(n=254399) 
66 34  
45-59 years 
(n=385755) 
50 50  
60-79 years 
(n=495634) 
33 67  
>=80 years 
(n=89426) 
24 76 <0.0001 
Insurance Status    
Have Insurance 
(n=1243915) 
58 43  
No Insurance  
(n=113833) 
53 47 <0.0001 
Income level    
<$15,000 
(n=136323) 
42 58  
$15,000-<$25,000 
(n=221986) 
44 56  
$25,000-<$35,000 
(n=147519) 
48 52  
$35,000-$50,000 
(n=196134) 
52 48  
>$50,000 
(n=655786) 
66 34 <0.0001 
Education Status    
Not Graduate High School 
(n=90023) 
36 64  
High School Graduate 
(n=365420) 







58 42  
College graduate 
(n=526743) 
71 29 <0.0001 
Status of use of cigarettes    
Never smoked 
(n=752332) 
65 35  
Former smoker 
(n=394389) 
45 55  
Smoke somedays 
(n=59819)  
52 48  
Smoke everyday  
(n=151208) 
38 62 <0.0001 
Chi-square test was used to determine significant differences between groups. Significant p-values in bold.  
 
Table 2. All sociodemographic variables and smoking status are significantly asso-
ciated with tooth loss. Even though there is very little difference in tooth loss between 
genders, the results show that it has a statistically significant effect on tooth loss. Higher 
tooth loss is seen for Non-Hispanic Black race (compared to other races), and those without 
insurance. Non-Hispanic other race experiences the lowest tooth loss compared to other 
races. Increasing trends in tooth loss can be seen with increasing age (16%-76%), with 
decreasing education (64%-29%), and decreasing income (58%-34%).  Non-smokers have 
the least tooth loss, followed by former smokers, then those who smoke somedays, and 
individuals who smoke everyday have the highest tooth loss.  
 
Table 3. Bivariate and multivariate analyses for one or more teeth lost compared to 
no teeth lost for merged BRFSS 2012-2018 cycles: Chronic Disease 
BRFSS 2012-2018 merged 
Variable (total number of in-
dividuals for both categories 













dence Interval) * 
Physical Health Problem      
0 days 
(n=865127) 







56 44   1.18  (1.16-1.20) 1.25 (1.22-1.27) 
11-20 days 
(n=61676) 
40 60   2.28  (2.20-2.36) 1.48 (1.42-1.54) 
21-30 days 
(n=117041) 
33 67 <0.0001 3.12  (3.04-3.21) 1.61 (1.56-1.66) 
Mental Health Problem       
0 days 
(n=920280) 
56 44   1 1 
1-10 days 
(n=291282) 
61 39   0.82 (0.81-0.84) 1.15 (1.12-1.17) 
11-20 days 
(n=63532) 
52 48   1.17 (1.13-1.20) 1.33 (1.28-1.38) 
21-30 days 
(n=82654) 
43 57 <0.002 1.68 (1.63-1.73) 1.42 (1.37-1.47) 
BMI       
Normal 
(n=427126) 






1.08 (1.02-1.15) 1.08 (1.01-1.16) 
Overweight 
(n=494418) 
56 44   1.40 (1.37-1.42) 1.13 (1.11-1.15) 
Obese 
(n=415929) 
49 51 <0.0001 1.83 (1.79-1.86) 1.40 (1.37-1.43) 
Diabetes       
No 
(n=1174473) 
59 41   1 1 
Yes 
(n=183275) 
34 66 <0.0001 2.85 (2.78-2.91) 1.42 (1.38-1.45) 
Myocardial Infarction       
No 
(n=1280976) 
58 42     
Yes 
(n=76772) 
24 76 <0.0001 4.20 (4.04-4.36) 1.64 (1.57-1.71) 
Coronary Heart Disease       
No  
(n=1276333) 
58 42   1 1 
Yes 
(n=81415) 
26 74 <0.0001 3.93 (3.79-4.07) 1.62 (1.56-1.69) 
Stroke       
No 
(n=1305746) 
57 43   1 1 
Yes 
(n=52002) 
27 73 <0.0001 3.66 (3.50-3.83) 1.47 (1.40-1.54) 
Asthma       
No  
(n=1178252) 
57 43   1 1 
Yes 
(n=179496) 
54 46 <0.0001 1.10 (1.08-1.13) 1.15 (1.13-1.18) 
Cancer       








37 63 <0.0001 2.35 (2.29-2.41) 1.22 (1.19-1.26) 
Respiratory Disease       
No 
(n=1251567) 
58 42   1 1 
Yes 
(n=106181) 
26 74 <0.0001 3.94  (3.82-4.07) 1.72 (1.66-1.78) 
Arthritis       
No 
(n=902890)  
63 37   1 1 
Yes 
(n=454858) 
36 64 <0.0001 3.09 (3.05-3.14) 1.47 (1.44-1.50) 
Kidney Disease       
No 
(n=1311129) 
57 43   1 1 
Yes 
(n=46619) 
33 67 <0.0001 2.70 (2.59-2.82) 1.43 (1.36-1.50) 
Chi-square test was used to determine significant differences between groups. Significant p-values and con-
fidence intervals in bold.  
* Adjusted for gender, race, age, education, insurance, income level and smoking status 
Odds ratio (95% confidence interval) 
 
 
Bivariate and multivariate regression results in Table 3 show that adjusted odds of 
tooth loss for individuals with any of the chronic diseases was higher than for individuals 
without the chronic disease, and all relationships were statistically significant. An excep-
tion was the crude relationship assessing the effects of having a mental health problem for 
1-10 days which showed protective odds; however, after adjustment the odds demonstrated 
greater risk.  As the duration of physical health and mental health problems increased there 
is a gradual increase in the odds of tooth loss, with the highest odds of tooth loss seen when 
experiencing these problems for most of the month (21-30 days). As weight increases from 
normal weight to obese, the odds of tooth loss also grow. The highest odds of tooth loss 
are seen for respiratory disease, myocardial infarction and coronary heart disease diagno-






Table 4. Bivariate and Multivariate Logistic Regression analyses of effect of Number 
of Chronic Diseases on Tooth Loss (BRFSS 2012-2018 cycles merged) 
BRFSS 2012-2018 merged 








No chronic disease 
(n=463802) 












33 67 4.66  (4.40-4.92) 1.92  (1.80-2.04) 
Four or more 
chronic disease 
 (n=111293) 
23 77 *** 7.69  (7.22-8.20) 2.43  (2.26-2.62) 
Proc Survey Logistic was used to carry out the multivariate regression.  Significant p-values and confidence 
intervals in bold.  
* Adjusted for gender, race, age, education, insurance, income level and smoking status 
Odds ratio (95% confidence interval) 
 
The bivariate and multivariate analyses results (Table 4) present our findings for 
effects of number of chronic diseases on tooth loss for the merged data set. As the number 
of concomitant chronic diseases increases, the odds of tooth loss also increase. Both the 
crude odds and the adjusted odds follow this pattern and are highest for those with four or 
more chronic diseases (adjusted OR=2.43).  
 
Table 5. Bivariate analyses and trends in tooth loss across cycles, comparing one or 
more teeth lost compared to no teeth lost: Sociodemographic variables and smoking 
data 
 BRFSS 2012 BRFSS 2014 BRFSS 2016 BRFSS 2018 
Variable (total number of individ-
uals for both categories of tooth 

















Gender         










54 46 55 45* 56 44 58 42 




















56 44*** 55 45*** 57 43*** 58 44*** 





















23 77*** 24 76*** 24 76*** 26 74*** 




55 45 56 44 57 43 59 41 
No Insurance  
(2012:41004,2014:26500, 
2016:23382, 2018:22947) 
52 48*** 53 47*** 52 48*** 56 44** 








44 56 44 56 44 56 45 55 














65 35*** 66 34*** 66 34*** 68 32*** 
Education Status†         
Not Graduate High School 
(2012:26613,2014:22598, 
2016:22266, 2018:18546) 
36 64 35 65 35 65 37 63 
High School Graduate 
(2012:100613,2014:92134, 
2016:92922, 2018:79751) 








70 30*** 70 30*** 71 29*** 72 28*** 








44 56 44 56 45 55 47 53 
Smoke somedays 
(2012:16576,2014:15100, 
2016:14898, 2018:13245)  
52 48 51 49 51 49 53 47 
Smoke everyday  
(2012:43514,2014:37329, 
2016:37542, 2018:32823) 
39 61*** 39 61*** 37 63*** 39 61*** 
Chi-square test was used to determine significant differences between groups.  
*Statistically significant (p-value <0.05) 
** Statistically significant (p-value <0.001) 
*** Statistically significant (p-value <0.0001) 
†Significant p-value for effect of interaction between time and covariate on tooth loss  
 
 
In Table 5 we see the bivariate analysis results for each separate cycle. Within each 
cycle the trends follow those seen in the merged data set. Except gender (for cycles 2012 
,2016 and 2018) all sociodemographic variables and smoking status are significantly asso-





individuals with lower income, in those who have less education, no insurance, and smok-
ers.  
These analyses for each cycle presented an opportunity to examine trends or differ-
ences in tooth loss over the years. A gradual reduction in tooth loss can be seen from 2012-
2018 for all variables. To check if these reductions in tooth loss by year were significantly 
different, we included year-chronic disease interactions in our models. We found no sig-
nificant interaction differences over the years for tooth loss due to gender or insurance. For 
the race category, non-Hispanic Blacks (2018) had a significant interaction for tooth loss 
by year, showing a greater decrease in tooth loss over time compared to non-Hispanic 
Whites. Only the 30-44 year olds in 2018 had significantly increased odds for tooth loss 
compared to earlier years. Income of ≤$15,000 shows a constant significant relationship in 
cycles 2014-2018 for tooth loss, while those with incomes of $15,000-<$25,000 differ sig-
nificantly for the year 2018. All significant income analyses produced higher tooth loss 
compared to those with $50,000 or higher income. Those who did not graduate from high 
school (2014) and high school graduates (2018) also demonstrated statistically significant 
results for the effect of education and time on tooth loss. Whereas, those without a high 
school degree in the 2014 cycle had higher percentages of tooth loss compared to college 
graduates, tooth loss in individuals who graduated from high school in 2018 had improved 
effects (meaning less tooth loss) compared to college graduates. Former smokers (2014), 
those who smoked somedays (cycles 2014-2018), and those who smoke everyday (2016 & 






Table 6. Bivariate analyses and trends across cycles of one or more teeth lost com-
pared to no teeth lost: For Each Chronic Disease 
 BRFSS 2012 BRFSS 2014 BRFSS 2016 BRFSS 2018 
































32 68*** 32 68*** 32 68*** 35 65*** 
















41 59*** 41 59*** 44 56*** 46 54*** 
















47 53*** 48 52*** 49 51*** 52 48*** 





















23 77*** 25 75*** 24 76*** 26 74*** 








24 76*** 26 74*** 26 74*** 28 72*** 








26 74*** 26 74*** 26 74*** 28 72*** 








52 48*** 53 47*** 54 46*** 57 43** 








35 65*** 37 63*** 37 63*** 38 62*** 








26 74*** 26 74*** 26 74*** 27 73*** 
Arthritis         
No 
(2012:240640,2014:226053, 
2016:229195, 2018:207002)  




34 66*** 35 65*** 36 64*** 38 62*** 
Kidney Disease         










31 69*** 34 66*** 32 68*** 34 66*** 
Chi-square test was used to determine significant differences between groups.  
*Statistically significant (p-value <0.05) 
** Statistically significant (p-value <0.001) 
*** Statistically significant (p-value <0.0001) 
†Significant p-value for effect of interaction between time and chronic disease on tooth loss  
 
Results for bivariate analysis of chronic diseases with tooth loss can be seen in 
Table 6. Individuals who had a chronic disease experienced more tooth loss than those 
without the chronic disease. Similar to our results for the merged data set, each chronic 
disease has a significant relationship with tooth loss in each cycle. A reducing trend for the 
percentage of individuals with tooth loss is seen for all chronic diseases from 2012-2018. 
When the chronic disease-cycle interactions were performed, very few significant relation-
ships were seen. Significant differences were detected for mental health problems for years 
2016 and 2018. Results show that tooth loss from mental health was less than for individ-
uals without mental health problems over the years. Individuals with diabetes in 2016 and 
2018 and those with respiratory disease in 2018 also had significant effects that resulted in 
increased tooth loss compared to those without diabetes or respiratory disease respectively. 
  
Table 7. Multivariate analyses and relationships by cycle of one or more teeth lost 
compared to no teeth lost for: Chronic Diseases 






















Physical Health Problem 
0 days 1 1 1 1 1 1 1 1 












































































Mental Health Problem 
0 days 1 1 1 1 1 1 1 1 



















































































































































































No 1 1 1 1 1 1 1 1 
























Coronary Heart Disease 
No  1 1 1 1 1 1 1 1 

























No 1 1 1 1 1 1 1 1 























































No 1 1 1 1 1 1 1 1 

























No 1 1 1 1 1 1 1 1 

























No  1 1 1 1 1 1 1 1 

























No 1 1 1 1 1 1 1 1 
























Proc Survey Logistic was used to carry out the multivariate regression. All statistically significant results are 
in bold. 
*Adjusted for Gender, race, age, insurance, income level, education and smoking status 
†Significant p-value for effect of interaction between time and chronic disease for crude odds of tooth loss  
‡Significant p-value for effect of interaction between time and chronic disease for adjusted odds of tooth loss  
Odds ratio (95% confidence interval) 
 
The odds of tooth loss comparing those with a chronic disease to those without a 
chronic disease are presented in Table 7 for each cycle. All relationships between diseases 
and tooth loss were statistically significant, except for the crude odds for those who report 
a mental problem for 1-10 days, or for those who are underweight.  Individuals with a 
chronic disease had higher odds for tooth loss compared to those without the chronic dis-
ease.  
Although overall prevalence of tooth loss declined between 2012 and 2018, the 
associations of many chronic diseases with tooth loss tended to remain consistent over 





21-30 days, obesity, myocardial infarction, respiratory disease, or diabetes exhibited in-
creased odds of tooth loss over time, crude analysis trends were statistically significantly 
different only for mental health, diabetes, and respiratory disease.  Following adjusted 
modeling of the interaction effects, the only significant relationship that remained was for 
diabetes, where the odds of tooth loss among diabetics relative to non-diabetic increased 
from 2.72 in 2012 to 2.91 in 2016 and 2.80 in 2018.  
Figure 1: Bivariate analysis and relationships by cycle of one or more teeth lost for 
number of Chronic Diseases 
 
Chi-square test was used to determine significant differences between groups (p-value <0.0001.) 
Results for the effect of number of diseases on tooth loss for each cycle are seen in 
Figure 1. The number of chronic diseases that individuals experience simultaneously has a 
significant association with tooth loss (p-value <0.0001). Within a cycle, as the number of 
concomitant chronic diseases increases, tooth loss becomes higher. The overall percentage 
of tooth loss in individuals for each category of chronic disease (none, one, two, three, four 
0 10 20 30 40 50 60 70 80 90
None
One chronic disease
 Two chronic diseases
Three chronic diseases
Four or more chronic diseases

















Percentage of individuals with tooth loss by number of chronic diseases





or more) shows a reducing trend from 2012-2018. This decreasing trend for the 4 cycles 
was analyzed to check if tooth loss differed significantly over time. Neither the crude odds 
nor the adjusted odds for the categories of chronic disease interaction with year had a sig-
nificant result for tooth loss over time.  
Table 8. Multivariate analyses and relationships by cycle of one or more teeth lost 
compared to no teeth lost for number of Chronic Diseases 








































































































































Proc Survey Logistic was used to carry out the multivariate regression. All statistically significant relation-
ships are in bold. 
*Adjusted for gender, race, age, education, insurance, income level and smoking status 
Odds ratio (95% confidence interval 
 
The effect of the number of chronic diseases individuals experience on tooth loss 
by cycle can be seen in Table 8. The odds of tooth loss in individuals with a chronic disease 
is higher than for individuals with no chronic disease, and as the number of chronic diseases 
increases the odds of tooth loss grows. All results are statistically significant. After adjust-
ing for potential confounders, the adjusted odds were lower than were the crude odds for 





2018 with 2012 an overall increase in odds of tooth loss is seen for each category (of num-
ber of chronic diseases). However, interaction of chronic disease with time had no signifi-
cant effect on tooth loss.   
 
Discussion 
The increasing prevalence of chronic diseases makes it important to understand 
their effects on oral health. Using a population-based sampling of non-institutionalized 
adults, this study examined associations between chronic diseases and the outcome of tooth 
loss, and trends in tooth loss between 2012-2018. The results show that all chronic diseases 
included in the study increase tooth loss. In addition, our findings confirm that the number 
of concurrent chronic diseases also increase tooth loss. Additionally, a trend test found that 
the tooth loss -chronic disease relationship did not differ over the years, except for diabetes, 
which had an increasing odds of tooth loss with time. Our results demonstrate that almost 
all covariates (sociodemographic factors and smoking) had statistically significant relation-
ships with tooth loss, except for gender in some cycles.    
Our findings of increased odds of tooth loss due to chronic diseases were detected 
in both the merged dataset (2012-2018) analyses, as well as in stratified cycle level anal-
yses.  For the merged analysis, odds of tooth loss were elevated (ranging from 1.08-1.72) 
for individuals with a chronic disease, compared to those without the chronic disease. We 
analyzed associations between physical health, mental health, myocardial infarction, coro-
nary heart diseases which no previous studies had considered. Results of higher odds for 





loss when diagnosed with one chronic disease, with Griffin et al., (2009) reporting odds of 
tooth loss ranging from 1.26-2.44, Jiang et al., (2013) 1.04-1.97, Peltzer et al., (2014) 1.22-
1.51, Zhang & Leveille., (2018) 1.14-1.95, and Dwibedi et al., (2019) 1.12-2.04.   
Very few studies have analyzed associations for tooth loss in individuals with more 
than 1 concurrent chronic disease. Our study was the first to examine tooth loss for defined 
categories of one, two, three, four/ more chronic diseases. Our results (combined cycles) 
for adjusted odds of tooth loss ranged from 1.19 in those with one chronic disease to 2.43 
for individuals with four or more chronic diseases. In contrast, other studies analyzed 
broader categories, such as one or more chronic diseases or multi-morbidity (two or more 
chronic diseases). Our study results showing increased odds concur with previous studies: 
Zhang & Leveille., (2018) reported increased odds of tooth loss (1.12-1.54) for having two 
or more chronic diseases, Jiang et al., (2013) which mention that having 6 or more predic-
tors (of the following 8 predictors: income, education, smoking, lack of physical activity, 
diabetes, obesity, disability and having insurance) increases tooth loss, Cho et al., (2019) 
which found increased odds (1.43-1.57 of tooth loss when having 1-2 components of MS, 
and Islas-Granillo et al., (2019) which reported odds of 2.62 for those with multi-morbidity 
(two or more chronic diseases). Our method of categorizing number of chronic diseases 
shows that the addition of one chronic disease results in a distinct difference for odds of 
tooth loss. Our categorization may provide a clearer picture for this association compared 
to the broader categories used by previous studies. We also differ on the number of covari-
ates which could contribute to the similarity or difference in results. All these factors im-





A direct comparison of these results is difficult as Peltzer et al., (2014) utilized data 
from middle income countries, Griffin et al., (2009), Zhang & Leveille., (2018), while 
Dwibedi et al., (2019), examined national level data (USA), Jiang et al., (2013), used state 
level data, Cho et al., (2019) analyzed hospital level (Korea) data, and Islas-Granillo et al., 
(2019) considered individuals in a long term facility/living independently but attending day 
care facilities. Each of these studies also differs on the age of the population which they 
considered. While Griffin et al., (2009), Dwibedi et al., (2019) and Jiang et al., (2013), 
included younger individuals in their analyses, Cho et al., (2019) restricted their analyses 
to middle age individuals (30-64 years).  Peltzer et al., (2014), Zhang & Leveille., (2018), 
and Islas-Granillo et al., (2019) analyzed data for different age groups of older adults (>50 
years of age). The data these studies utilized differ also by the way they were collected, 
with BRFSS tooth loss being self-reported whereas the others used dental professional ex-
amination and recorded results.     
Our study is now the second to explore trends for tooth loss due to chronic diseases. 
An article by Parker et al. (2020) used the NHANES data sets (1999-2004 and 2011-2016) 
and restricted their analyses to individuals 50 years and older. Their focus was individuals 
who completed a dental examination as part of the NHANES survey. Our study differs in 
that we included all adults, and BRFSS data records self-reported tooth loss. Another dif-
ference is that Parker et al. (2020) did not control for important confounders such as income 
and race.  Despite these methodologic differences, our study detected similar relationships, 





for trend shows that tooth loss due to chronic disease does not differ with time. The excep-
tion was diabetes which had an increasing odds for tooth loss over time, which is not in 
agreement with Parker et al., (2020). This difference could be due to the different age 
groups included, dissimilar definitions of tooth loss, or the fact that we adjusted for more 
confounders.   
  Additionally, our study explored the effect of having one, two, three, four or more 
chronic diseases on tooth loss, compared to those without a chronic disease. To our 
knowledge all other studies have examined tooth loss for multi-morbidity without defining 
the number of concurrent chronic diseases. We found that while the prevalence of tooth 
loss associated with number of chronic diseases is declining (between 2012-2018), the 
strength of the association with tooth loss increases with the number of concomitant dis-
eases, both within cycles and across cycles (from 2012-2018).  
Our study has certain limitations: Both the merged datasets and the individual cycle 
datasets produced large sample sizes, which could produce statistically significant results 
from clinically insignificant differences. At the same time the large sample produces a more 
precise result and will allow them to be generalized. Another limitation is that both tooth 
loss and having a chronic disease were self-reported in the survey. Many diseases do not 
produce immediate symptoms and some of the survey population may not know that they 
have a disease. In addition, counting teeth is difficult, and individuals may not remember 
extractions carried out in the past. In both instances there may be an under-estimation due 
to inaccurate recall which could lead to misclassification. Another reason why there may 





and are not available for analysis because they are not eligible for inclusion in BRFSS. A 
third limitation may be that our study was shorter, covering a decade of BRFSS data, com-
pared to Parker et al., (2020) analyzing 17 years. A decade may not be enough time to see 
changes due to some chronic diseases.  Also including all individuals 18 years and older 
may have given us larger numbers for the ‘all teeth retained’ category which could result 
in very small differences between categories, and therefore show no trends for tooth loss 
due to chronic disease with time.    
Our strengths were the large number of observations which give us enough power 
to detect statistically significant differences. It also gives us large numbers in each category 
producing more precise results. We included all adults, and the outcome of >= 1 tooth lost 
which no other study has done. We thought that this was an important issue to consider due 
to the increasing prevalence of older adults, and the increasing prevalence of chronic dis-
eases across all age groups. Another strength is that BRFSS data is collected from all 50 
states which means that our results are generalizable. We were the first to analyze tooth 
loss associations with physical health, mental health, myocardial infarction and coronary 
heart diseases.  
Tooth loss is considered an indicator of oral health and of access to oral health care. 
Our findings suggest an increasing awareness of the importance of oral health and an im-
provement in oral health due to past efforts such as increased access to dental services (e.g. 
implementation of Affordable Care Act). However, insufficient knowledge of the effects 
of chronic diseases in the mouth may have contributed to the negligible change in tooth 





Our findings increase knowledge of the effects of chronic diseases on tooth loss 
which we already know affects overall health. These results can be used to educate profes-
sionals in public health, who can bring about policy changes to improve funding for screen-
ing of chronic diseases, dental examinations and dental treatment in individuals with 
chronic disease, advocate for regulations to ensure that medical and dental professionals 
create an integrated method of treatment, and to provide other support to improve out-
comes. Other changes include instituting Medicare reimbursement for all dental treatment 
in older adults, with a focus on dental treatment related to chronic diseases. Undergraduate 
professionals in medicine and dentistry and those already in practice should be educated 
on the effects of chronic diseases in order to better provide a cohesive treatment system 
that addresses both the disease and its effect in the mouth with an increased emphasis on 
diabetics. Policy change can also allow dentists to screen for chronic diseases, thereby in-
creasing the chance of early diagnosis of chronic diseases. Further, these results could be 
utilized to create awareness among the population affected by chronic diseases so that pa-
tients will understand the consequences and can take precautions. 
Conclusion 
In conclusion, tooth loss is associated with having a chronic disease, and with many 
sociodemographic factors, and smoking. Having one or more chronic disease increases the 
odds of tooth loss, with the odds increasing as the number of concurrent chronic diseases 
increase. While overall prevalence of tooth loss is declining over time, the odds of tooth 
loss for individuals with any chronic disease remain higher than for those without a chronic 





remained consistent over time i.e. no significant change in tooth loss as a result of chronic 
disease in the past decade. A notable exception is diabetes for which the odds of tooth loss 
increased over the time period examined. 
Increasing awareness about the effects of chronic diseases on oral health could fur-
ther reduce tooth loss. Influencing public health professionals to modify policies, that will 
enable medical and dental professionals to co-ordinate treatments in individuals with 
chronic diseases. These results will assist dental and medical professionals in educating 























2012 BRFSS cycle analyses  
Table 10. Bivariate Analysis of all independent variables, covariates and tooth loss (in 

















































































































































































































































































































































































































































































































































3678    
(35) 





Status of use of 
cigarettes 


















 Smoke somedays 7160    
(52) 
5111    
(30) 














Chi-square test was used to determine significant differences between groups.  
 
 
2014 BRFSS cycle analysis 
Table 11. Bivariate Analysis of all independent variables, covariates and tooth loss (in 
four categories). Total number of observations= 341554 















































8888    
(44) 
8755    
(36) 











6990    
(63) 
4834    
(28) 





 Non-Hispanic  
  multiracial 
3112    
(56) 
2080    
(28) 





 Hispanic 12171  
(55) 
9089    
(35) 





Age group 18-29 years 26087  
(84) 
4599    
(15) 
































 >=80 years 5444    
(24) 
7639    
(32) 














 No Insurance 12418  
(53) 
9200    
(34) 


















































Education Status Not Graduate High 
Sch. 
5668    
(35) 
6783    
(35) 




















































 11-20 days 5006    
(39) 
4858    
(33) 





 21-30 days 7924    
(32) 
8991    
(32) 



























 11-20 days 6282    
(51) 
4602    
(30) 





 21-30 days 6815    
(41) 
6217     
(32) 





BMI Status Underweight 2517    
(61) 
1258    
(22) 





























































 Had MI 4377    
(25) 
5946   
(31) 
















 Had Heart Disease 4924   
(26) 
6814    
(33) 














 Has had stroke 3115    
(26) 
3934    
(31) 






















































 Has respiratory 
disease 
5615    
(26) 
7655    
(29) 


































 Kidney disease 3482    
(34) 
3870    
(33) 





Status of use of 
cigarettes 






















 Smoke somedays 6333    
(51) 
4699    
(31) 














Chi-square test was used to determine significant differences between groups.  
 
2016- BRFSS analysis 
Table 12. Bivariate Analysis of all independent variables, covariates and tooth loss (in 
four categories). Total number of observations= 347212 






6 or more 









































9787    
(34) 
5205       
(14) 
2066  




7512    
(62) 
4767    
(29) 
1708       
(7) 
794    
  (2) 
 
 Non-Hispanic  
 multiracial 
3327   
(58) 
2085   
(25) 
1018       
(12) 
489    
  (5) 
 
 Hispanic 13515 
(57) 
9622   
(34) 
2682       
(7) 
804    
  (2) 
<.0001 
Age group 18-29 years 28616  
(85) 
4855   
(14) 
433         
(1) 
110   
   (0) 
 




2881       
(4) 
824    
  (1) 
 




10673     
(12) 
4326  
  (4) 
 









 >=80 years 5695    
(24) 
7863    
(33) 
5634       
(25) 
3965   
(17) 
<.0001 









 No Insurance 10920  
(52) 
8095    
(34) 
3059       
(10) 
1308  
  (3) 
<.0001 
Income level <=$15,000 9586    
(41) 
9534    
(29) 
7877       
(19) 
5573   
(11) 
 




11402     
(15) 
7371  










6398       
(13) 
3483  
  (7) 
 




6889       
(11) 
2941  
  (4) 
 




11615     
(6) 
3632  
  (2) 
<.0001 
Education Status Not High School 
grad 
5749    
(35) 
6871    
(35) 
5196       
(18) 
4450   
(12) 
 













12950     
(9) 
5827  
  (3) 
 




9157       
(5) 
2623  

















10360    
(10) 
4923   
 (4) 
 
 11-20 days 5239    
(39) 
5119    
(32) 
3483      
(19) 
1922  
  (9) 
 
 21-30 days 8572    
(32) 
9414    
(31) 
7469      
(23) 
4977   
(13) 
<.0001 













8522      
(9) 
3821  
  (3) 
 
 11-20 days 7161    
(53) 
4788    
(29) 
2687      
(13) 
1360  
  (5) 
 
 21-30 days 7487    
(44) 
6431    
(29) 
4492      
(18) 
2495  
  (9) 
<.0001 
BMI Status Underweight 2562    
(63) 
1261    
(22) 
714        
(9) 
592   
   (6) 
 




11135    
(8) 
6609  
  (4) 
 




15496    
(10) 
7702 
   (4) 
 




16836    
(13) 
8097  
  (5) 
<.0001 













10630    
(21) 














 Had MI 4552    
(24) 
6366   
(32) 
5132      
(26) 














 Had Heart Disease 5147    
(26) 
7005    
(33) 
5332      
(25) 
















 Has had stroke 3380    
(26) 
4280    
(32) 
3409      
(24) 
2614   
(18) 
<.0001 













7177      
(12) 
3946   
 (6) 
<.0001 













6596      
(20) 
















 Has respiratory 
disease 
5980    
(26) 
7784    
(29) 
7876      
(27) 
6004   
(18) 
<.0001 




20181    
(7) 
9744 
   (3) 
 




















 Kidney disease 3725    
(32) 
4156    
(33) 
2935      
(22) 
1791   
(13) 
<.0001 
Status of use of 
cigarettes 




15877    
(6) 
6291  
  (2) 
 




17595    
(15) 
9502 
   (7) 
 
 Smoke somedays 6306    
(51) 
4628    
(30) 
2411      
(12) 
1553  
  (7) 
 




8298      
(19) 
5654   
(11) 
<.0001 
Chi-square test was used to determine significant differences between groups.  
 
 
2018 BRFSS analysis 
Table 13. Bivariate Analysis of all independent variables, covariates and tooth loss (in 
four categories). Total number of observations= 310358 






6 or more 













































8515    
(32) 







7901    
(62) 
4804   
(29) 







3167    
(62) 
1718    
(25) 





 Hispanic 13336  
(58) 
8442    
(33) 





Age group 18-29 years 28554 
(86) 
4273    
(12) 
































 >=80 years 5290    
(26) 
6749    
(33) 














 No Insurance 11606  
(56) 
7407    
(32) 





Income level <=$15,000 8641   
(42) 
7870   
(30) 









































Education Status Not High School 
grad. 
5291    
(37) 
5634    
(34) 

















































8864    




 11-20 days 5171    
(42) 
4552    
(32) 





 21-30 days 8255   
(35) 
8106   
(32) 






















7159    




 11-20 days 7753    
(58) 
4475    
(26) 





 21-30 days 7792    
(46) 
5966   
(29) 





BMI Status Underweight 2383    
(63) 
1093    
(21) 
580     




























































 Had MI 4405    
(26) 
5532    
(35) 
















 Had Heart Disease 4732    
(28) 
6051    
(36) 














 Has had stroke 3325    
(28) 
3689    
(31) 
































 Has had cancer 10872  
(38) 
9972   
(34) 


















 Has respiratory 
disease 
5598    
(27) 
7080    
(29) 


































 Has Kidney dis-
ease 
3414    
(34) 
3662   
(32) 









Status of use of 
cigarettes 


















 Smoke somedays 5946    
(53) 
3993    
(29) 














Chi-square test was used to determine significant differences between groups.  
 
Combined BRFSS cycles 2012-2018 analyses 
Table 14. Bivariate Analysis comparing tooth loss categories. Total number of obser-
vations=1354032  






6 or more 











































20941     
(14) 









7030       
(7) 
3244   
 (2) 
 




7999    
(26) 
3753       
(11) 
1906   
 (5) 
 




10277     
(7) 
3464  
  (2) 
<.0001 




1726       
(1) 
385    
  (0) 
 




11384     
(4) 
3009   
 (1) 
 








































15061     
(10) 
6160   
 (3) 
<.0001 

















































































































13474     
(19) 
7546  
  (9) 
 































10724     
(13) 
5376 
   (5) 
 




17427     
(18) 
9719  
  (8) 
<.0001 
BMI Status Underweight 10056  
(62) 
4968     
(22) 
2824       
(10) 
2364   
 (7) 
 








































































































































































































10696     
(22) 
6732   
(12) 
<.0001 
Status of use of 
cigarettes 






















9657       
(12) 
5938  
  (6) 
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